INTRODUCTION 47 fluorescent labeling of actin filaments and nuclei. Based on cellular morphology and 142 colorations, the Euva-1 cell line possessed three main cellular types. The first cells were the 143 largest ones and had only their nucleus stained with methylene blue (Fig. 3, asterisk) . The 144 second cell type had its nucleus and cytosol colored (Fig. 3, arrow) , while the third was the 145 smallest in size and was darker colored by methylene blue (Fig. 3, arrowhead) . Actin 146 coloration showed that the type 2 and 3 cells had clear attachment fibers and filopodia, 147 enabling them to adhere to the flask (Fig. 3B) . The two first cell types resembled epithelial 148 cells, whereas the nature of the third was unknown. The interaction experiments were 149 performed with cells cultivated between passages 15 and 21. 150 The sequencing of the mitochondrial marker cytochrome oxidase subunit I (COI) was 151 used to confirm the leafhopper origin of the Euva-1 cell line. Sequences from the 152 mitochondrial marker amplified from Euva-1 cell DNA and from the E. variegatus insect 153 DNA were found to be identical (data not shown). A BLAST search in the GenBank database 154 revealed that this sequence shared 80% nucleotide identity with the COI gene of the 155 Cicadellinae Acrogonia virescens , which may be its closest relative. 156 the median number of adherent beads was 3-fold higher when beads were linked with 9 nmol 166 of VmpA than the control beads coated with GFP only ( Fig 4B) . 167 To evaluate the specificity of VmpA adhesion to insect cells, we used competitive and 168 inhibition adhesion assays. The adhesion of the fluorescent VmpA-His6-coated beads was 169 strongly decreased in the presence of anti-His6-VmpA antibodies (PAb) in a dose-dependent 170 manner ( Fig. 4C) , although a small but significant increase of bead adhesion was measured 171 when few antibodies were used (1/1000 dilution). When anti-spiraline PAbs were used as a 172 negative baseline control, as expected, the adhesion rate was not significantly changed. No 173 visible aggregation of the VmpA-His6-coated beads was observed in the presence of anti-174 His6-VmpA PAbs (data not shown). The results of competitive adhesion assays show that the 175 presence of an increasing quantity of His6-VmpA overlaying the leafhopper cells decreased 176 the adhesion of VmpA-His6-coated beads in a concentration-dependent manner (Fig. 4D ). In 177 parallel experiments, we used the other predicted surface-exposed protein VmpB, which is 
4-VmpA allows the adhesion of recombinant S. citri to leafhopper cells in culture 184
To complete functional studies on phytoplasma proteins, spiroplasmas that express 185 VmpA at their surface were engineered to measure the impact of VmpA on bacterial adhesion 186 to insect cells (19). We first verified that the recombinant S. citri G/6 strain still produced the 187 protein VmpA after several passages before the adhesion assay. A comparison of VmpA 188 expression in recombinant S. citri was conducted in the presence and absence of antibiotic pSTVA1 (clones 5 and 6) were plated on SP4 agar, and different sub-clones were cultivated 191 for 5 passages. The pSTVA1 plasmid was easily detected in the presence of tetracycline, 192 while in the absence of the antibiotic, it was visualized in the sub-clone 6g only, but the 193 restriction map was incorrect, suggesting a deletion ( Figure 5A ). Thus, PCR amplifications 194 and sequencing were performed to verify the presence of a correct vmpA sequence. In the case 195 of sub-clone 6g, a deletion of approximately 700 bp was observed, corresponding to the size 196 of the repeat domains that contain the VmpA protein, and confirmed the plasmid profile after 197 HindIII restriction. In the case of the sub-clones 5e and 5h, amplicons were observed after 198 electrophoresis, which suggests that pSTVA1 plasmids were present in these two sub-clones.
199
No deletion or mutation in the vmpA gene was observed in clones propagated in the presence in the presence of tetracycline for adhesion assays, and the production of VmpA was verified 207 by colony blot.
208
Adhesion assays were performed by comparing the S. citri G/6 strain carrying the 209 plasmid pSTP2 (vector without vmpA) to G/6 carrying pSTVA1. The colony blots showed 210 that 50 to 100% of the spiroplasmal colonies were expressing VmpA, depending on the 211 replicates, and as revealed by immunoblot. A significant increase of adhesion was observed 212 when VmpA was expressed by the recombinant spiroplasmas ( Fig 5B) . These results 213 reinforce the previous results to show that VmpA acted as an adhesin binding to Euva-1 cells. VmpA was in excess compared to BSA, the beads attached to the anterior midgut were too 227 numerous to be accurately quantified. For this reason, counting was performed only at the 228 middle midgut level. As shown in figure 6B , VmpA-His6-coated fluorescent beads were more 229 greatly retained in midguts than BSA-coated beads did at one, two and four days after feeding To more precisely localize the VmpA-His6-coated beads in the midgut at the cellular 238 level, we used transmission electron microscopy (TEM). Midguts dissected from leafhoppers 239 that had ingested VmpA-His6-coated beads in HEPES-sucrose for two days and then having fed healthy broad bean for one day were compared to leafhoppers that were only fed healthy 241 broad bean ( Fig. 7) . Bacteria-like particles were visualized in the lumen of the midgut and in 242 the anterior and middle midgut of insects, regardless of whether the leafhoppers were fed 243 ( Fig. 7, arrowheads) . The particles were often associated with a structure that resembles the 244 perimicrovillar membrane in the anterior and medium parts of midgut. In the midgut of 245 insects that had ingested beads coated with VmpA-His6, the beads were clearly visible in the 246 lumen (asterisks in Fig. 7B and 7C ). The beads were found alone or in groups, embedded in 247 the perimicrovillar membrane, and certain beads were clearly in contact with the microvilli of 248 epithelial cells ( Fig. 7C , arrow). In the anterior part of the midgut, the VmpA-His6-coated 249 beads were present in a larger quantity than in the medium midgut, as previously observed by VmpA detection in the absence of tetracycline is that expression of this protein decreases S. 292 citri fitness and produces counter selection, leading to the loss of VmpA expression. Such 293 instability of viral-derived vector has previously been observed for S. citri viral vectors 294 engineered to express a fragment of a mycoplasma adhesin (35).
295
As shown in the current paper, phytoplasmas expressing VmpA were observed in the 296 intestinal cells of E. variegatus, a necessary condition to envisage its role in the adhesion to 297 intestine cells. In addition, the ingested VmpA-His6-coated beads were more greatly retained 298 in the midgut than those predominantly coated with BSA, especially when the beads were Nevertheless, these two VmpA activities remained to be investigated.
334
During their cycle within their vectors, phytoplasmas have to invade diverse types of 335 cells or different vectoring insects. These successive steps must involve different phytoplasma 336 membrane-associated proteins, as this has been deciphered in the Spiroplasma models (22, 24, 337 41, 42, 45). In the case of FD92-P, VmpB, which shows a similar structure, is a potential 
354
The Spiroplasma citri strain GII3 was originally isolated from its leafhopper vector up to the cap, and a piece of gauze placed just below the cap to permit the insect to hold on to 517 it and eat. After 2 days at room temperature, to ensure insect adaptation to the artificial 518 feeding system, the 25 to 30 surviving insects (approximately 80%) were transferred into a 519 cage containing 2 broad beans. One, four and seven days later, 20 insects were dissected.
520
Other experiments with insects left two days on broad beans were independently conducted 521 beside the first set of experiments but were shown on the same graph in figure 6 . The midguts 522 were fixed for 18 h with 4% paraformaldehyde in PBS containing 0.1% Triton X-100. Alexa 
